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(54) Method for operating a motor/compressor combination and a motor/compressor 
combination for carrying out that method 



(57) A method for operating a motor/compressor 
combination, especially for hermetically-encapsulated 
small refrigerating; machines, comprises a compressor 
having a periodically operating displacement element, 
which is driven by a brushless motor (3). To start the 
motor, it is subjected to asynchronous and then syn- 
chronous commutation of its stator windings (7,8,9). For 
starting, the rotor is turned by asynchronous commuta- 
tion from any given rest position to a starting position 
that facilitates running-up and is then started from that 
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starting position. A motor/compressor combination for 
carrying out that method has a control arrangement (10) 
which, in asynchronous commutation, enables the cur- 
rent-application patterns to succeed one another in 
such a manner that the rotor is turned from the rest 
position to the starting position and is started therefrom. 
In that manner, the motor/compressor combination can 
be started reliably even in the event of unfavourable 
conditions. 
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Description 

The invention relates to a method for operating a 
motor/compressor combination, especially for hermeti- 
cally-encapsulated small refrigerating machines, in 
which method, for starting, a brushless motor is sub- 
jected to asynchronous and then synchronous commu- 
tation of its stator windings, and also to a 
motor/compressor combination having a brushless 
motor which has a stator having at least two windings 
and a rotor having permanent magnet poles, and also a 
control arrangement which applies current to the wind- 
ings in successive patterns and. for starting, effects 
asynchronous and then synchronous commutation of 
those current-application patterns, for carrying out that 
method. 

From EP 0 621 681 A1 a motor/compressor combi- 
nation of that type is known in which the control equip- 
ment has a pulse-width modulated inverter (PWM), by 
means of which a brushless permanent magnet motor 
(BPM) can be operated at variable speed. A four-pole 
motor having a three-phase stator winding is given by 
way of example. To enable synchronous commutation, 
position signals are obtained from the back e.m.f. which 
the permanent magnet poles of the rotor induce in the 
stator windings. Thus, no additional position sensors, 
such as Hall elements, inductive measuring sensors, 
coding devices or the like, are required. The motor 
must, however, have a specific minimum speed, for 
example 400 rev/min, so that the back e.m.f., which is 
directly proportional to the speed, can be measured. 

For that reason, for starting, asynchronous commu- 
tation of the windings must be effected, that is to say 
enforced commutation with a specific sequence of the 
current-application patterns that distribute current to the 
stator windings, which commutation is effected inde- 
pendently of the position of the rotor. This, however, 
does not ensure that the compressor actually runs up. 

That is especially true when the compressor has to 
be started against a load, which is the case, for exam- 
ple, if the compressor is to be restarted shortly after 
stopping because there is then still a difference in pres- 
sure in the system between the pressure side and the 
suction side which has to be overcome by the compres- 
sor on starting. For reliable starting, it was necessary 
either to wait until the pressure had equalized itself after 
a relatively long period of time or to to make an enforced 
reduction in the difference in pressure by using an addi- 
tional valve. 

The problem underlying the invention is to increase 
the reliability with which a motor/compressor combina- 
tion of the type described at the outset will run up relia- 
bly even under unfavourable loading conditions. 

That problem is solved according to the invention in 
that a compressor having a periodically operating dis- 
placement element is used and the rotor is turned by 
asynchronous commutation from any given rest position 
to a starting position that facilitates running-up and is 
then started from that starting position. 



The use, known ger se, of a compressor having a 
periodically operating cfispiacement element, whether it 
be an axial piston compressor or a rotary piston com- 
pressor, offers the possibility of selecting a starting posi- 

5 tion, which, by taking into consideration the relatively 
low-load suction stroke, facilitates running-up. With the 
aid of asynchronous commutation, the rotor can be 
brought into that starting position before actual starting 
because, in every case, the rotor can be further turned 

10 by a predetermined angle by switching the current- 
application patterns. 

It is most advantageous if, in the case of an axial 
piston compressor, the starting position corresponds 
approximately to the top dead-centre of the piston. This 

is results in an angle of rotation of more than 180° before 
the motor is loaded. This gives the rotor such high 
speed that position signals, especially from the back 
e.m.f.. are obtained very rapidly and synchronous com- 
mutation can commence. The torque then produced by 

20 the motor including the moment of inertia of the rotating 
parts is sufficient to enable the motor to run up even 
against a difference in pressure still present between 
the pressure side and the suction side. 

For the same reasons, it is recommended that, in 

25 the case of a single-cylinder rotation-type compressor 
having a separator slider guided in the cylinder, the 
starting position corresponds approximately to the posi- 
tion in which the separator slider is pushed fully out- 
wards by the displacement element. 

30 It is especially advantageous that, when the rotor 
turns and effects compression, the commutation time 
intervals in asynchronous commutation are so great 
that a substantial portion of the compressed gas leaks 
past the displacement element. In that manner, the dis- 
ss placement element is turned very slowly, but without 
excessive loading, towards the starting position. 

In the case where a current-application pattern is 
associated with more than one rotated angular position, 
it is recommended that the rotor first be turned by asyn- 

40 chronous commutation from its respective rest position 
to an intermediate position corresponding approxi- 
mately to bottom dead-centre and only then turned to 
the starting position. The intermediate position corre- 
sponding to bottom dead-centre is a preferred assumed 

45 position solely by virtue of the pressure ratios. The 
given sequence of current-application patterns is then 
sufficient to move the rotor to the starting position. 

To reach the intermediate position between two 
commutation times, it is advantageous to turn off the 

so current through the stator arrangements. Whilst the cur- 
rent is turned off, the movable parts of the compressor 
which are then loaded only by the pressure can oscillate 
in the region of bottom dead-centre until virtual standstill 
arises. 

55 A suitable motor/compressor combination for carry- 
ing out that method is characterized according to the 
invention in that the compressor has a periodically oper- 
ating displacement element and the current-application 
patterns in asynchronous commutation succeed one 
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another in such a manner that the rotor is turned from 
any given rest position to a starting position that facili- 
tates running-up and is then started from that starting 
position. The angle of acceleration, that is to say the 
angular distance between the starting position of the 5 
rotor and the position in which the maximum compres- 
sive torque occurs is extremely large and is approxi- 
mately 320°. 

In the case that on turning the rotor relatively high 
compression is effected, it is recommended that the 10 
control arrangement render the current-application pat- 
terns effective over a longer period of time than in the 
case of turning that effects lesser compression. 

It is especially advantageous that the motor has 
four poles and the stator three windings in star connec- is 
tion and that the control arrangement is able to produce 
six current-application patterns in each of which one 
winding has current applied and the other two windings 
have one half of that current applied, and, in the case of 
asynchronous commutation, renders those current- 20 
application patterns effective at a given sequence. In 
that arrangement, there are twelve stable rotor positions 
that are displaced by 30° with respect to one another. 
Since all three windings are supplied with current, a 
strong torque occurs. The rotor therefore moves reliably 25 
from one rotated angular position to the next. 

A preferred arrangement ensures that in the given 
sequence there succeed one another a. first current- 
application pattern, which drives the rotor into one of the 
dead-centre positions (0° or 180°). a second current- 30 
application pattern, which displaces the rotor from the 
dead-centre position assumed (0° or 180°), a switching 
off of current, in which the rotor moves under the effect 
of the compressed gas into the vicinity of the bottom 
dead-centre position (0°). and optionally a third current- 3S 
application pattern, which drives the rotor exactly into 
the bottom dead-centre position (0°). That measure 
takes into account the fact that two rotated angular posi- 
tions are associated with each of the six current-appli- 
cation patterns. Well-defined ratios result, however, by 40 
making use of the bottom dead-centre position. 

It is further advantageous that, in the given 
sequence, current-application patterns succeed one 
another that each correspond to rotor positions that are 
displaced by 30° with respect to one another, as a result 45 
of which the rotor is turned from the intermediate posi- 
tion corresponding approximately to bottom dead-cen- 
tre (0°) to the starting position corresponding, to top 
dead<:entre (180°). Further turning by 30° enables the 
starting position to be reached reliably. so 

It is recommended that the effective duration of pre- 
ceding current-application patterns be shorter than the 
effective duration of subsequent current-application pat- 
terns That means that the current-application patterns 
are effective over a longer period of time in the region of ss 
higher compression so that there is sufficient time for 
compressed gas to leak past the displacement element. 



4 

The invention is described hereinafter in more 
detail with reference to a preferred embodiment shown 
in the drawings, in which: 

Fig. 1 is a block diagram of a hermetically-encap- 
sulated small refrigerating machine having 
a control arrangement; 

Fig. 2 shows six rotor position axes for a three- 
phase, four-pole motor; 

Fig. 3a shows four positions of the piston of an axial 
piston compressor; 

Fig. 3b shows the current-application patterns 
associated with the positions of Fig. 3a; 

Fig. 4 is a loading diagram for such an axial piston 
compressor; 

Fig. 5 is a table giving details about the sequence 
of the current-application patterns; 

Fig. 6 shows a single-cylinder rotation-type com- 
pressor. 

In Fig. 1. arranged inside a hermetically-sealed 
capsule 1 is a compressor 2 which is driven by an elec- 
tric motor 3. As shown in Fig. 3, the compressor 2 has a 
displacement element 4 in the form of a piston which is 
moved back and forth in a cylinder 6 by a crank mecha- 
nism 5. Alternatively, a rotation-type compressor, for 
example in the form of a rotary or rolling piston com- 
pressor, having similar loading characteristics may be 
used. The motor 3 has four poles. It has a permanent 
magnet rotor and is provided with three windings 7, 8. 9 
in star connection which are supplied with current via 
the connections u, y and w. Alternatively, a motor having 
a different number of poles and windings can be used. 

According to Fig. 1, a control arrangement 10 for 
the motor/compressor combination has a pulse-width 
modulation (PWM) regulator 1 1 having connected after 
it a drive circuit 12 and a three-phase inverter 13 which 
supplies the connections y_, y and w. The pulse- width 
modulation of the windings is effected by a known com- 
ponent, the "Field Programmable Gate Array" (FPGA). 
Control can alternatively be effected by using discrete 
digital components or by an ordinary microprocessor. 

A back e.m.f. detector 14 measures the back e.m.f. 
in the non-current-carrying winding in question in known 
manner. Thus, if current flows through windings 7 and 8, 
the voltage across winding 9 is measured. For that pur- 
pose, the regulator 1 1 sets suitable current-application 
patterns. In that manner, position signals are obtained 
for the rotated angular position of the rotor, which sig- 
nals influence the regulator 1 1 in respect of the pulser 
width modulation. Furthermore, a speed reference r is 
supplied to the regulator so that the compressor 2 can 
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be operated at variable speed in dependency on the 
refrigeration requirement. 

Operation which can be achieved with the aid of the 
position signals obtained from the back e.m.f. is referred 
to as "synchronous commutation". It is, however, possi- 
ble only if the motor 3 has sufficient speed to produce 
such a large back e.m.f. that it does not disappear in the 
general noise. That means that no synchronous com- 
mutation can take place during the starting process. For 
that reason, there is provided in the control arrange- 
ment 10 a starting device 15 which delivers a sequence 
of current-application patterns in asynchronous com- 
mutation, that is to say without being controlled by a 
position signal, as described hereinafter in more detail. 

Fig. 2 shows six position axes U, V and W, each 
occupied twice, that is a total of twelve positions which 
the rotor and therefore the displacement element 4 can 
assume when current-application patterns are used in 
which a current is associated with one winding and one 
half of that current is associated with each of the other 
two windings. Thus, the position axis U applies both for 
bottom dead-centre (ct 3.1 in Fig. 3) and for top dead- 
centre (cf. 3.4 in Fig. 3). In between those positions, 
there can be obtained positions that are each displaced 
by 30°. 

The number of positions is calculated as follows: 
the number of poles times the number of windings, 
which, in the present case, gives twelve positions or six 
position axes. The accuracy of the positioning can be 
improved or impaired by altering the number of windings 
or poles. A two-pole three-phase motor has, for exam- 
ple, only six positions but the positioning is well-defined. 

Each of the twelve positions of the rotor corre- 
sponds to a point in the working cycle, as illustrated in 
the loading diagram of Fig. 4. The solid line indicates 
the loading moment M on rotation in the positive direc- 
tion, that is to say counter-clockwise. The broken line 
indicates the same loading diagram in the case of turn- 
ing in the negative direction. It can be seen that the 
moment M increases to a peak value from bottom dead- 
centre (0°) up to an angle of 140° and then decreases 
again, on account of the pressure valve, which has 
opened in the meantime, until top dead-centre has been 
reached. Turning then occurs without substantial load- 
ing until bottom dead-centre has been reached again. 

For the motor to set itself to position axis U, the total 
current must flow through winding 7 whilst flowing away 
via windings 8 and 9. Accordingly, position axis -W 
results when the current flows away via winding 9 and 
flows in through windings 7 and 8 (cf. 3.2 in Fig. 3). 
Accordingly, position axis -V is given when the current 
flows away through winding 8 and flows in yja windings 
7 and 9 (cf. 3.3 in Fig. 3). The same applies for the other 
position axes. The position axis thus corresponds to 
that connection which is acted upon by the full current, 
the polarity sign indicating the direction of the current 

The starting action is now described in more detail 
with reference to the table according to Fig. 5. Eleven 
steps are given therein, which are effected one after the 



other each for a specific duration, the position axis cor- 
responding to a specific current-application pattern and 
a rotor position, and therefore a piston position, corre- 
sponding to each position axis. It should be noted that 

5 the current-application patterns correspond in each 
case to a state in which one winding is acted upon by 
the full current whilst one half of that current flows in 
each of the other two windings. This is in contrast to nor- 
mal operation in which, at least at times, current-appli- 

w cation patterns are also provided in which just two 
windings are acted upon by current whilst the third cur- 
rentless winding serves to measure the back e.m.f.. 

In step 1 , position axis U is activated. That means 
that the piston 4 is displaced either to top dead-centre 

15 (1 80°) or to bottom dead-centre (0°). rf one assumes the 
improbable case that the piston has stopped at top 
dead-centre, in step 2 it is moved under very short-term 
activation of position axis W in the direction of bottom 
dead-centre. During that movement, the remaining 

20 pressurised gas in the work chamber together with the 
electromagnetic torque press the piston downwards. 
The pressure of the gas and the inertia of the rotor are 
given up to the piston as kinetic energy, which piston 
therefore does not stop at bottom dead-centre. Instead, 

25 the turning movement of the rotor continues past bottom 
dead-centre until the remaining moment of movement 
of the rotating parts is equal to the load moment coming 
from the gas pressure. Meanwhile, the current is com- 
pletely turned off in step 3 for a relatively long time, in 

30 this case 280 ms. so that the oscillating rotating parts 
come virtually to a standstill. When position axis U is 
reactivated in step 4, the piston assumes a desired 
intermediate position at bottom dead-centre. If. on the 
other hand, the piston 4 has already reached bottom 

35 dead-centre in step 1 , it is likewise displaced in step 2. 
can then execute pendulum-like oscillation in step 3 and 
returns, in step 4, to the intermediate position. 

For the subsequent steps 5 to 1 0, a defined starting 
position, that is to say the intermediate position at bot- 

40 torn dead-centre, is therefore given. Current-application 
patterns are given in succession that each displace the 
rotor and/or piston by 30°. Initially (steps 5 and 6), load- 
ing by the gas, slowly being compressed, is slight. Rel- 
atively short active periods of 88 ms are therefore 

45 sufficient. Subsequently, however, the loading moment 
would rise quite substantially. For that reason, substan- 
tially longer activation periods, that is to say of 280 ms, 
are provided. These allow the piston to continue to 
move very slowly, compressed gas leaking past the pis- 

so ton as a result of unavoidably imperfect sealing. As a 
result, the loading moment that has to be overcome for 
positioning is considerably smaller than under normal 
operating conditions. For example, the peak loading 
moment during operating is approximately 7.4 Nm but 

55 during steps 5 to 1 0. however, is only 3 Nm. 

After step 1 0. the piston has reached top dead-cen- 
tre and the rotor has reaiched its starting position. The 
positioning of the piston is thus completed and starting 
of the motor can commence. Since the motor starts to 
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run unloaded, its speed increases rapidly. The first com- 
mutation can be effected asynchronously still. The 
associated time can be calculated in advance from 
knowledge of the rotor's moments. of inertia. Generally, 
however, such a high speed applies at the next commu- 5 
tation that the transition can be made to normal syn- 
chronous commutation wherein current-application 
patterns in which a winding has no current flowing 
through it can also be used. By virtue of the acceleration 
given to the rotor, no difficulties arise in overcoming the 
loading peak in accordance with an angle of accelera- 
tion p = 320° (cf. piston starting position 3.4 in Fig. 3 and 
the solid line in Fig. 4) even if the compressor were to 
have been turned off just shortly before and therefore a 
considerable difference in pressure between the pres- 
sure side and the suction side still had to be overcome. 

The starting method described generally does not 
need to be carried out if the differ entiat pressure has 
already been reduced In that case, rt is recommended 
that a pressure equilibrium detector be provided which, 
when the difference in pressure talis below a given 
value, renders the starting device 15 ineffective and 
drives the motor immediately <ntti the aid o* the regula- 
tor 11. 

In total, therefore, a rrotor/compre&sor combination 
is obtained in which the compressor can start even 
under the most unfavourable conditions There are no 
false starts since the rotor wifl arways turn in the right 
direction because the motor is commutated correctly 
from the outset. The time from starting to reliable detec- 
tion of the back e.m.f. is considerably reduced, which 
ensures a faster transition to the operating state. The 
start does not have to be delayed until pressure equilib- 
rium has occurred in the refrigerating system. Valves for 
the selective reduction of the difference in pressure are 
unnecessary. 

Fig. 6 shows a rotation-type compressor having a 
cylinder 16 and a displacement element 17 revolving 
therein which is driven by an eccentric 18. A separator 
slider 19 is arranged between the suction side and the 
pressure side. It is guided in a slot 20 on the cylinder 16 
and is biassed by a spring 21. Such a compressor has 
a loading characteristic similar to that of Fig. 5. The pre- 
ferred starting position is located near the position in 
which the separator slider 19 is pushed in furthest into 
the slot 20. 

Instead of the pulse-width modulated control of the 
motor as shown, the inventive concept can also be 
applied to a motor having constant speed and simple 
ON-OFF type control. 

The claimed motor/compressor combination is suit- 
able, for example, for freezer units or also for air condi- 
tioning in motor vehicles. ; 

Claims 

1 . Method for operating a motor/compressor combina- 
tion, especially for hermetically-encapsulated small 
refrigerating machines, in which method a brush- 



less motor is driven and, for starting, is subjected to 
asynchronous and then synchronous commutation 
of its stator windings, characterized in that a com- 
pressor having a periodically operating displace- 
ment element is used and the rotor is turned by 
asynchronous commutation from any given rest 
position to a starting position that facilitates run- 
ning-up and is then started from that starting posi- 
tion. 

2. Method according to claim 1, characterized in that 
in an axial piston compressor the starting position 
corresponds approximately to the top dead-centre 
of the piston. 

3. Method according to claim 1 , characterized in that 
in a single-cylinder rotation-type compressor hav- 
ing a separator slider (19) guided in the cylinder 
(16) the starting position corresponds approxi- 
mately to the position in which the separator slider 
is pushed fully outwards by the displacement ele- 
ment (17). 

4. Method according to any one of claims 1 to 3, char- 
acterized in that, in the event that the rotor turns 
and effects compression, the commutation time 
intervals in asynchronous commutation are so 
great that a substantial portion of the compressed 
gas leaks past the displacement element. 

5. Method according to any one of claims 1 to 4. char- 
acterized in that the rotor is turned by asynchro- 
nous commutation first from its respective rest 
position to an intermediate position corresponding 
approximately to bottom dead-centre and only then 
is turned to the starting position. 

6. Method according to claim 5, characterized in that 
to reach the intermediate position between two 
commutation times the current through the stator 
arrangements is switched off. 

7. Motor/compressor combination, especially for her- 
metically-encapsulated small refrigerating mac- 
hines, having a brush! ess motor which has a stator 
having at least two windings and a rotor having per- 
manent magnet poles, and also a control arrange- 
ment which applies current to the windings in 
successive patterns and, for starting, effects asyn- 
chronous and then synchronous commutation of 
those current-application patterns, for carrying out 
the method according to claims 1 to 6, character- 
ized in that the compressor (2) has a periodically 
operating displacement element (4) and the cur- 
rent-application patterns succeed one another in 
asynchronous commutation in such a manner that 
the rotor is turned from any given rest position to a 
starting position (180°) that facilitates running-up 
and is then started from that starting position. 
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8. Motor/compressor combination according to claim 
7, characterized in that, in the case that on turning 
the rotor relatively high compression is effected, the 
control arrangement (10) renders the current-appli- 
cation patterns effective over a longer period of time 5 
than in the case of turning that effects lesser com- 
pression. 

9. Motor/compressor combination according to claim 

7 or claim 8, characterized in that the motor (3) has 10 
four poles and the stator has three windings (7, 8, 
9) in star connection and the control arrangement 
(10) is able to produce six current-application pat- 
terns in each of which one winding has current 
applied and the other two windings have one half of is 
that current applied and, in asynchronous commu- 
tation, renders those current-application patterns 
effective in a given sequence. 

1 0. Motor/compressor combination according to claim 20 
9, characterized in that, in the given sequence, 
there succeed one another a first current-applica- 
tion pattern, which drives the rotor to one of the 
dead-centre positions (0° or 180°), a second cur- 
rent-application pattern, which displaces the rotor 25 
from the dead-centre position assumed (0° or 
180°). a switching off of the current, in which the 
rotor moves under the influence of the compressed 
gas into the vicinity of the bottom dead-centre posi- 
tion (0°), and optionally a third current-application 30 
pattern, which drives the rotor exactly into the bot- 
tom dead-centre position (0°). 

11. Motor/compressor combination according to claim 

9 or claim 10, characterized in that, in the given 35 
sequence, current-application patterns succeed 
one another that correspond to rotor positions that 
are each displaced by 30° with respect to one 
another, as a result of which the rotor is turned from 
the intermediate position corresponding approxi- 40 
mately to bottom dead-centre (0°) to the starting 
position corresponding to top dead-centre (180°). 

12. Motor/compressor combination according to claim 

1 1 , characterized in that the effective duration of 45 
preceding current-application patterns is shorter 
than the effective duration of subsequent current- 
application patterns. 

so 
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